INTRODUCTION
Smoking cessation quitlines are defined as telephone-based support services, including proactive or reactive counselling or the provision of other information to those calling a helpline with the aim of helping smokers to quit. They have become central components of many comprehensive tobacco control programmes in many countries worldwide. 1 Their key advantage is an ability to deliver evidence-based information to members of the public irrespective of their physical location or ability to pay. 2 Most quitlines provide counselling services and information to smokers wanting to quit and to family members, friends or healthcare providers who want to help smokers quit. Some national quitlines, including those in the UK and Australia, offer pharmaceutical cessation assistance. 3 4 Stead et al 5 conducted a systematic review of 14 trials of interventions for smokers who contacted quitlines. They concluded that counselling is an effective intervention for assisting smokers to quit, while self-help materials also offer a small benefit. In 2009 there were 53 countries having at least one toll-free national quitline. 6 Only 4 and 17 of these were from low-income and middle-income countries, respectively. Of those 53 countries, 34 reported having 75-100% population coverage for their quitline services. 7 These data do not include Thailand since during that period the Thai National Quitline (TNQ) was not yet toll free, but charged 3 Thai Baht (US$0.09) per landline call.
The quitline programme in Thailand
Thailand is a predominantly rural middle-income country in Southeast Asia with a population of 67 million. The prevalence of smoking in Thailand has been decreasing consistently over time since the 1990s, probably in part due to tobacco control policies in the country, 8 9 though recently levels appear to have stabilised (the prevalence rates in Thailand in 1991, 2009 and 2011 were 32.0%, 20.7% and 21.4%, respectively). 10 Reasons for this lack of continued decline in smoking are not clear. However, there is a recognised need to improve national smoking cessation efforts through improved targeting of specific population groups and potentially through provision of new services to people underserved by more traditional programmes. The Thai Health Promotion Foundation (ThaiHealth), an independent state agency set up by the Health Promotion Act 2001 and funded by a 2% surcharge tax on tobacco and alcohol excise taxes, established the TNQ in September 2008. The TNQ (or Quitline 1600) is a telephone-based smoking cessation service which has been providing counselling for smoking cessation since January 2009. TNQ services provide reactive and proactive behavioural counselling to help callers (smokers and their relatives) to develop and follow a plan to quit smoking. The TNQ does not use medication as an adjunct to treatment and may offer self-help cessation literature on request. TNQ reactive services to callers include advice or brief interventions to those who are proxy or general public, and intensive counselling lasting approximately 30 min to smokers who have some level of intention to quit. The counselling aims to help smokers understand tobacco addiction, increase self-efficacy and confidence to quit, to set a quit plan and determine a quit date. TNQ proactive services include callback to referrals, and support and follow-up calls to those smokers who have set a quit date. The service runs from Monday to Friday, 7:30-20:00. At other times there is a callback service. The service has been free to callers from landline telephones since 2011 and from mobile telephones since 2013.
Research aims
The primary aims of this research are to describe the characteristics of the people who accessed the TNQ between 2009 and 2012; evaluate its cost per completed quit counselling, cost per quitter, cost per life years saved (LYS) and return on investment (ROI). More generally, we aim to inform future efforts to improve the targeting and efficacy of smoking cessation efforts and to provide recommendations for future practice and research to increase the population impact of low-cost quitlines in low and middle-income countries (LMICs).
METHODS Subjects
We made use of smoking data from the general population in Thailand and from callers to the TNQ. For the general population we used the 2011 Cigarette Smoking and Drinking Behaviour Survey. 11 Information about callers to the quitline was obtained from the TNQ database. Both databases hold the following information: age, gender, education, occupation, daily consumption of cigarettes, attempted to quit before (yes/no), age started smoking regularly, type of tobacco (cigarette or roll-your-own (RYO)). Characteristics were compared between smokers who called the TNQ and smokers in the general population.
We also made use of a small-scale sampling evaluation (carried out as part of the TNQ programme). For this evaluation quitline callers who had completed counselling at least 6 months previously were selected. Out of 4144 callers who met this condition between September 2009 and July 2010, 1161 were randomly selected to call back. Of these, 30% were successfully contacted and provided verbal informed consent (these individuals are subsequently referred to as 'responders'). Responders reported their continuous abstinence rates at 7 days, 1, 3 and 6 months (defined as no smoking continuously for the given period since the quit date); whether or not they had attempted to quit before; whether or not they had joined other smoking cessation programmes; level of intention to quit on a scale from 1 (lowest) to 10 (highest); level of confidence to quit after having received counselling from the TNQ (also on a 1-10 scale); receipt of information from the TNQ; and regular exercise. All this information was obtained from a single telephone call to each caller which was conducted between 6 and 12 months after the caller had completed counselling.
Among those randomly selected to call back, we defined two groups: those who the TNQ could reach (responders) and those who the TNQ could not reach (non-responders). Among responders, we also defined two groups: those who successfully quit (defined as those who had continuously abstained at 6 months) and those who failed to quit (defined as all those who did not successfully quit). We compared key characteristics between these groups (non-responders and responders, and non-quitters and quitters).
Smoking cessation rate (continuous abstinence)
Continuous abstinence of TNQ callers was determined at 7 days, 1, 3 and 6 months for all responders. Then, a log-linear regression analysis was used to determine the forecast quit rate (and 95% CI) at 12 months after the initial quitline call based on the measured quit rate at earlier time points. This model was preferred to a simple linear regression as it gave a better fit to data and ensures that the forecast quit rate takes a positive value.
Cost and cost per quitter
ThaiHealth paid for all quitline expenses but the mass media marketing expenses were excluded from the TNQ budget. The total cost of the services provided by the TNQ over 4 years (2009-2012) was calculated, including capital costs, direct operating costs and indirect operating costs. The direct operating costs include salaries, overheads and office rent (full cost details are given in online supplementary table A1, appendix A). The indirect operating costs are composed of knowledge management, evaluation, capacity building activities and communication. The cost per completed quit counselling in the TNQ over the 4-year period (2009-2012) is calculated as the total number of individuals who completed counselling over this period divided by the total cost of the TNQ over the same period. The number of individuals who were continuously abstinent at 12 months after their initial call (who we subsequently refer to as quitters) and having received quit counselling was obtained from the forecast quit rate at 12 months.
Assuming that none of the quitters would have quit if the TNQ had not existed is probably overly optimistic, as up to 75% of ex-smokers have quit without assistance. 12 However, individuals who use assistance have been found to have more than double the long-term cessation rates of those who attempt to quit without assistance (15.2% compared with 7.0%). 13 Because the quit rate without assistance is unknown, we calculated the cost per quitter under three assumptions about this quantity: 0%, 4% (one-fifth of quitters) and 7% (one-third of quitters) would have quit without the assistance of the TNQ. The cost per quitter is then calculated as the total cost of the TNQ over this period divided by the number of individuals who are estimated to have quit as a result of the TNQ. All costs are expressed in US$, assuming US$1 equals 30 Thai Baht.
Cost savings
We used independent estimates of the cost savings from smoking cessation in Thailand from the Health Intervention and Technology Assessment Program. 14 These estimates accounted for value of life using the human capital approach, which is based on discounted future earnings resulting from improved health. These suggested that if a male smoker were able to quit smoking at age 30, 35 and 40 years, the lifetime amount saved would be equivalent to US$2367, US$1833 and US$1400, respectively. For a female smoker the corresponding numbers are US$1333, US$1033 and US$767. These estimates accounted for productivity loss from premature death and reduced productivity due to absenteeism and presenteeism, but not costs of medical care. These three data points for each gender were interpolated to estimate cost savings for quitting smokers of other ages.
Since the estimated cost savings from smoking cessation in Thailand vary with age and sex, we considered age and sexspecific cost savings of the TNQ. The age and sex of callers to the TNQ who quit at 6 months were used to estimate the proportion of each age who quit at 12 months for male and female smokers separately. We assumed this proportion remained constant over the 4-year period, 2009-2012. The total cost saving due to the TNQ over this 4-year period was obtained by multiplying the mean cost saving per quitter by the expected number of quitters at 12 months.
Cost analysis
The cost analysis of the TNQ calculates the cost per LYS due to quitting smoking as a result of the TNQ. The LYS of a quitter was calculated based on the work by Taylor et al. 15 This provided estimates of the gain in life expectancy for smokers who quit at different ages according to sex. Those who did not quit at 12 months were assumed to have a LYS of zero. Next, the cost per LYS gained among quitters who used TNQ services was calculated by dividing the total cost of the quitline during the 4-year period by the total LYS that was estimated to be gained through the use of the TNQ.
The programme's ROI is computed as (total cost saving/programme costs). Cumulative ROI for TNQ is calculated as the total cost saving resulting from the quitline divided by the total cost of the quitline over the same period. This focuses on the costs and savings from the perspective of the healthcare provider (quitline).
RESULTS Users
A schematic of TNQ services and the processing of TNQ callers is shown in figure 1 . Of the 21 763 smokers who called between September 2009 and July 2010 and who were enrolled in the study of TNQ effectiveness, 77.6% completed quit counselling and 90.7% of those set a quit date with the TNQ. The proportion of callers who were followed up greatly increased after full-scale implementation of the TNQ began (which occurred about a year and a half after setting it up). Thus, among those allowing the TNQ to call for follow-up, only 30% of callers during September 2009 and July 2010 were followed up but 79% of callers throughout 2009-2012 were successfully followed up.
Compared with smokers in the general population in Thailand, callers to the TNQ tended to be younger, had a higher education level, were more likely to be students, were more likely to smoke cigarettes rather than RYO tobacco, had a larger variance in daily consumption, and a larger variance in the age they started smoking regularly. There was also a slightly higher proportion of female smokers among callers to the quitline than among smokers in the general population (table 1) . However, only half of TNQ's clients were willing to answer questions about their education.
There was some evidence that the TNQ responders differed in some ways from the non-responders (table 2). In particular, the age distribution differed ( p<0.001), with those in the youngest age group under-represented in the group of responders. There was also a significant difference in occupational status between these two groups ( p=0.006). However, there was no evidence of differences in gender, education, smoking habit, daily consumption and prior attempts to quit between the two groups ( p values=0.27, 0.21, 0.40, 0.47 and 0.32, respectively).
Among responders we found no significant age differences between those who quit and those who did not at 7 days, 1, 3 and 6 months ( p value=0.63, 0.80, 0.89 and 0.94, respectively). There was also no significant difference in the period of smoking (years since the caller started smoking) between those who quit and those who did not quit at 7 days, 1, 3 and 6 months ( p value=0.92, 0.89, 0.57 and 0.65, respectively). Only one characteristic was found to be a significant predictor of smoking cessation: those who reported, after having received counselling but before having set a quit date, that they had high confidence that they would quit were much more likely to have succeeded in quitting at 6 months (table 2) .
Effectiveness
Of the 350 responders, the percentage of subjects who were continuously abstinent at 7 days, 1, 3 and 6 months were 51.6%, 49.9%, 38.0% and 33.1%, respectively. The majority of these costs are direct operating costs, which accounted for 55% of all costs in 2009, and increased to 72% and 85% of all costs in 2011 and 2012. Meanwhile, the proportion of total costs due to indirect operating costs changed from 28% in 2009 to 8% and 12% in 2011 and 2012. Salaries were the largest single cost item in the four study years. The second largest item for 2009 was promotion of the quitline service. This was followed by knowledge management and evaluation for the first 3 years. For the fourth year (2012) the second largest item was the telephone charge.
The average cost per completed quit counselling within 4 years was US$31.83. The average cost per quitter who completed quit counselling over the 4 years was US$252.48, assuming that none of the quitters would have quit without the TNQ. The average cost per quitter under the assumption that one-third of quitters who called TNQ would have quit without the assistance of the TNQ was US$393.
LYS due to quitting
The exponential curves used to interpolate age-specific estimates of cost savings from smoking cessation gave an excellent fit to the data, with R 2 values for male and female smokers of 0.999 and 0.997, respectively (online supplementary figure B2 , appendix B). The overall cost savings for quitting smokers over 4 years was estimated to be US$16 million or an average of US $1341 per quitter (40 240 Thai Baht per quitter). The overall Corresponding numbers with a quit rate without assistance of one-third would be 36 773 (with a cost per LYS of US$49.59).
Return on investment
As illustrated in figure 2 
DISCUSSION
This study estimated a 12-month quit rate of 19.54% (95% CI 14.55 to 26.24) for quitline callers who completed counselling and received at least one follow-up call, giving an estimated average number of quitters per year of 1804. Compared with the general population, callers to the TNQ tended to be younger, more highly educated, more likely to be students, and more likely to smoke cigarettes (not RYO).
The cost per LYS of the TNQ under the assumptions that none and one-third of successful quitters (19.54% and 12.54% of callers who completed counselling and received at least one follow-up call) would have quit without the assistance of the TNQ were estimated at US$31.83 and US$49.59, respectively, and the costs per quitter were US$252.48 and US$393.41, respectively (which implies that there were 7.93 LYS per quitter). The corresponding costs per quitter were 8.06 and 12.57 times the average cost per completed counselling, respectively. The ROI for the TNQ (2009-2012) was between 5.78 and 9.01. The yearly ROI calculations suggested that the TNQ become attractive as an investment even within the short run. The cost per quitter of TNQ during 2009-2012 was about 4.6% and 7.2% of GDP per capita 16 under the respective assumptions that none and one-third of quitters would have quit even without the quitline.
We used a continuous abstinence rate instead of 30-day point prevalence abstinence because the latter was not available. Because the continuous abstinence rate may underestimate the benefits of the TNQ, in future research both outcomes should be reported. We also used the responder quit rate (in which only responders were considered) instead of the intention-to-treat quit rate (in which non-responders are considered not to have quit). Our approach may overestimate the true quit rate if the quit rate in non-responders is lower than in responders.
The respondent 6-month quit rate of the TNQ was 33.1%. Though the low response rate means that the potential for bias due to systematic differences between responders and nonresponders is large, the likely direction and magnitude of any such bias is not clear. We also note that while there was evidence of differences in age and occupational status between responders and non-responders, there was no evidence of any difference in these variables between quitters and non-quitters (table 2) .
Assuming the quit rates measured in 2009-2010 did not change in the subsequent 3 years may be unrealistic as the efficiency of the TNQ in following up callers increased over time and with greater experience so might have quit rates. However, since we do not know the magnitude of any such increase, this study took a conservative approach by using the quit rates of TNQ clients from September 2009 to July 2010 as a baseline estimate.
Gilpin et al 17 suggested that self-reported cessation for more than 3 months (no smoking continuously at least 3 months since the quit date) can be considered an intermediate criterion for success in longitudinal studies and the cross-sectional evaluation of community intervention as they found that 91.5% of such individuals were continuously abstinent for a period of at least 5 years. If a more stringent criterion is needed, that study also recommended that self-reported cessation for at least 1 year (no smoking continuously for at least 12 months since the quit date) could be considered. In this case, they found that the continuously abstinent level increased to 95%. In our study we wanted to use an outcome with a high chance of long-term abstinence, therefore 1 year of continuous abstinence was used.
As reported by Hughes et al 18 there are several possible mathematical functions to describe relapse rate curves. Possibilities are exponential, gamma, log-normal etc. However, an adequately quantifiable description of the typical time course for relapse in self-quitters is not available. For our study, we fitted a model describing an exponential decline in the quit rate to data from 7 days, 1, 3 and 6 months. This model ensures that the forecast quit rate at 12 months takes a non-negative value. This exponential decline was preferred to a simple linear model as it gave a better fit to data.
We used previously reported value of life estimates for Thailand based on the human capital approach which tends to estimate a lower value of life than the alternative willingness to pay approach. 14 Our estimates of the value of the TNQ are therefore likely to be conservative.
Our study considers predictors of quitting success which were recorded at time of first calling the TNQ, thereby avoiding recall bias. Our study found that high confidence in quitting success was the only important predictor of success. In contrast a study in Hong Kong (a high-income setting which had the first quitline in Asia) reported six independent predictors of quitting: one or more serious attempts to quit in the past; adhering to counselling recommendations; using nicotine replacement therapy in the present attempt to quit; smoking 10 or fewer cigarettes daily; smoking the first cigarette at age 15 or above; and being over 50 years old. 19 Meanwhile, an analysis of the European smoking cessation quitlines found that smokers who were older, calling quitlines to prevent relapse, more highly educated and who had supportive partners tended to have a greater chance of being abstinent at 12 months. 20 Our data suggest the hypothesis that a quitline service that improved callers' confidence that they could quit would have more success. Such a hypothesis could be tested in a randomised controlled trial by randomly assigning callers to a different quitline script that aimed to maximise this confidence, then following up these patients and controls getting the standard TNQ script at 12 months.
In conclusion, our results indicate that the TNQ is good value for money in Thailand.
What this paper adds
▸ A low-cost quitline without medication as an adjunct to treatment is a promising model for smoking cessation services in low and middle income countries, and likely to offer good value for money. ▸ Return on investment suggested that the Thailand National Quitline (TNQ) would start to become attractive as an investment even in the short run. ▸ TNQ users tended to be younger, more educated and to smoke cigarettes compared with general Thai smokers. ▸ TNQ future work should implement randomised controlled trials to test the hypothesis that a quitline service that improves callers' confidence that they could quit would have more success.
